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A13STI{ACT

10xMn  a series of simultaneous 8.4 and 2.3 GIIY VI,BI observations of the quasar

4C39.25  phase-rcfcrcnccd to the radio source 0920-1-390, carried out in 1990-1992, wc

have  measured the proper motion of component ~ in 4C39.25:

}10 = 9 0  + 35 pas/yr
,,,~ z= 6 + 63 pas/yr

wllcrc the uncertainties rcprcscnt  standard errors. This proper lnotion  is consistent

with earlier interpretations of VI,]]] hyknid  map})ing  results, which showed an in-

ternal ]notion  of this cornpollcnt  with respect to other structural components. Our

diffcrentia]  a s t romct ry  ana]yscs show conlponcnt  ~ to bc the onc in motion.  Our

results thus further constrain modc]s  of this cluasar.

1. I N T R O D U C T I O N

‘1’hc radio source 4C39.25  (0923+-392) is an 18th magnitude quasar with a rcdshift

of 0.699 (Ilcwitt  & IIurbidgc 1980). It is OI)C of tllc brightest c.ol]]])act  sources on the

sky at ccnti]nctcr  wavclcl@s.  q’hc structure of 4C39.25  at tllc  lnilliarcsccond  (mas)

angular scale consists of four components, lalmllcd  ~, ~., Q, and  ~, froln  cast to west

(SCC ]“ig. ]). sil~cc the early Vl,l~l  observat ions of  Shafrcr  cf. ai. (] 9’77), colllponcnts

~ and g IIavc rclnail]cd s t a t iona ry  with  rcsl)cct to cac}l otll(:r,  W}lil(:  c o m p o n e n t  h

(first identified by hlarcaidc  d al. 1985) has been ,noving  s,~],c]l~~l,li,,ally  fro]n  ~,car G
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towards a (Shaffcr cl al. 1987; Marscher  et al. 1987; Schalinski  ci al. 1988; Marcaide

et al. 1989; Marschcr et al. 1991; Al bcrdi  et al. 1993a). ‘1’hcsc lnaJJs show that none of

these tllrcc components had the invcrtccl  or flat spcctrurn associated with the core of

a supcrlulninal  source. ]Iowcvcr,  componc]lt  ~, dctcctcd  via scllsitivc  22 GHz VLB1

observat ions (Marcaide ct al. 1990;  Al berdi ei cd. 1993a), rcmai~is  stationary with

respect to ~ and c and possesses an inverted spcct ral index (Al bcrdi et al. 1993a,L)

indicating that it, could be the core of 4C39.25.

IIascd on t}lese observational facts, Marcaide ei al. (] 989), h~arscher  et al. (1991),

and Albcrdi et a~. (1993a) suggested a model for this source which has a relativistic

Lent  jet; tllc knots ~ and g arc associated with bcllds  of the jet and ~ with a shock

wajvc travcllil)g  along the jet from g towards ~. III this model cl is considered as the

c.orc of the radio source. Since this mode] is based on the assulnption  that both ~

and ~ arc stationary, a much stronger constraint than existing obscrviationa]  cvidcncc

for rcdativc  stationarity  would bc evidence for (or against) statiollarity  with respect

to all external rcfcrcncc  (Marcaidc  et al. 1 9 9 0 ) .

II) this paper wc report the rcsu]t of a series of VI,]]] observations of 4C39.25

I)l]asc:-r(:fcrcllccd  to the IIcarby  radio source 0920+ [+90 (scj)aratcd  hy only 0~75 on tllc

sky). Wc assulne this source to bc stationary; its r(:dsllift  is unk]lown.  Wllilc conven-

tional V],]]]  mapping provides infornlatioll  only al)out  tllc relative position bctwccn

difrcrc]lt  features of a givc]l radio source, phase-l cfcrcncc obscrvatiolls  can provide
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prwcisc positional inforlnatiol]  with rcspcci to an external rcfcIcncc. In our analysis,

wc used  the fringe-phase observable and differential astromctry  techniques (Guirado

et al. 1995 and rcfcmnccs  therein) to measure the motion of IJ)C c.on~poncIlt  ~ with

respect to i,hc radio source 0920+390. l’rc]itninary  results of tllcsc  obscrvatio]ls  were

pub]ished  earlier by Marcaidc & Guirado (1 993).

‘1’his  work is a part of a broader study (SCC overview by Marcaidc  et al. 1994) of

this ‘(peculiar’) supcrluminal  radio source. ‘l’he study includes llulncrical  simulations

of the relativistic jet (Albcrdi  et al. 1993a; Gthncz et al. 1994), 43 GIIz V],}]]  obser-

vations  (Albcrdi  et al. 1993b),  and VI,I~l polarization observations (Marschcr  et al.

1991).

PVC

qucl)cy

observed each of our two sources ill right  circular polarization, in two fre-

bands (w8.4  Gllz and ~2.3 GIIz) simulta]lcously.  ‘J’able 1 shows the epochs

of observations, the recording mode, and the tclcscopc  arrays used in these observa-

tions. Wc illtcrlcavcd  obscrwatiolls  of the LWO sout cm using a ‘/ Illin obscrvillg  cyc.lc

wllicl]  co])sistd  of 2 Illi]l  on 4C39.25,  3 Irlirl  011 0920+ 390, and  1 Irlill  slew tirnc fo r

cacll  sou rcc change. ‘1’hc  data were correlated at tllc  corrc]ator  of tllc Max  Planck

IIlstitut  fiir l{adioastronomic  in  l]oIIn. Wc fri]gc fitted tllc  data and obtained, for

cacll  sourc.c scan, the group delay, the phase-delay rai,c, and  tllc  fringe phase (modulo
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27r) at tllc refer-cmcc frcquc]lcics 8405 and 2275 Mllz for cacll of tlic cpocl]s  1990.32

and 1992.18, and 8291 and 2231 MIIz for tllc C] JOCII 1991.22. We were forced to use a

diflcrcnt  frequency configuration at the sccolld  cpo[h,  compatible with ,gcodctic  stan-

dards, to avoid wiring changes at some sites. l)cspitc  the slight diffmcncc  in rcfcrcnce

frcquc]lcics,  wc will usc llcrcaftcr the tcrrns 8.4 C IIz al]d 2.3 (~llz  to identify both

r naps and obscrvablcs  referred to t hcsc frequency bands. ‘1 ‘hc uv covcragc  is very simi-

lar il] all tllrcc cxpcrimcnts  (see Fig. 2); the resolution of our array is higher in right

ascension than in declination, as can k seen in the corresponding synthesized bcarns

(SCC ‘1’able I). liigh resolution i,] right ascension favors the dctcc.tio]i  of proper n~otion

ill 4C39.25,  since componcnl-  ~ is lnoving  eastwards relative to tllc  ot,hcrs conlponcnts.

3. M A P S  OF T1lE R A D I O  S0URC12S

Wc used the program 1)11~’MAl’ (Shepherd et al. 1995), a part of the Caltcch

V],]]]  l)ackagc (l)carson  1991), to obtain maps of 4C39.25 and 0920+390 at t}~c three

C]) OC1)S in each frequency band. l“igs.  3 and 4 SIIOW the maps for both sources at

8.4 and 2.3 Gllz, respectively. At 8.4 GIIz, the structure of 4C39.25  is dominated by

tllc  brig]  ltcst  coInpoI)cIlt,  ~ (Albcrdi  et al. 1993a),  althoug]l  tllis  c.ompol)cnt,  is partly

blclldccl  wit,]) co]nponc]]t  @ at  this  frcquc]lcy. ‘1’1)(: con~]m]lcIJts  g alld  ~ a r c  Ilardly

detcctab]c  bccausc of the limited dynamic range of our ~l}a])s  alld the spectra of the

coll]])ollents.  At tllc 2.3 GIlz frequency bmld,  4C39.25  aplwars  poillt-]ikc  and none

of tl]c  colnponcnts  can  bc distinguished. lXotc that, during tllc  two year span of our
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observations, the flux density of 4C39.25  at 8.4 Gllz illcrcascd  while its flux density

at 2.3 Gllz dccrcascd.

‘1’hc characteristics of the flat-spectrum radio source 092(] -{390 were first cata-

logucd  by l“icarra et al. (1 985). Its structure is pointlikc  at hotll  VLA  (Vigotti  et al.

1989; ]’atnaik  et al. 1992) and V],]]] scales (this paper). ‘1’hc unresolved structure

of 0920+-390,  its proximity to 4C39.25  on the sky, and its flux density, whic}l always

exceeded 0.2 Jy at 8.4 Gl]z, combine to lnakc 0920+-390 a good rcfcrcucc  source.

1 lowcvcr, tJic absence of an optical idcntificatiol]  for 0920+ 390 is a colIccrn  in the

intlcrprctatioll  of our results. A search for an optical identification was first carried

out by Vigotti CL al. (1 989) by scanning the I]alomar  Observatory Sky Survey (l)OSS)

prillis.  ‘1’l]c negative result of t}lis  search ilnplies that the object  is fainter than mag-

nitude 20 in red and 21 in blue (l)OSS magnitude cutofrs).  Wc cannot rule out that

0920+-390 corresponds to an object in our vicinity, althoug]l  the combination of its

radio and optical properties makes that possibility seem very unlikely.

4. AS’J’ROMETRIC A N A L Y S I S

Our astrolnetric  analysis of tllc data from cacll  observing c]mcli is silni]ar  to that

of lncvious  astro]netric  studies that used phase  delay, tlIc IIlost ~)rccisc  V],])]  observ-

a b l e  (Slla~Jiro et al. ]979;  IJartcl  et a l .  1986; Guirado ci 01. 1995). ‘1’o c o r r e c t  Lhc

phase delays for their in}lcrcl~t  27r alnbiguity,  wc first collstructcd  lllodcls  of the prop-
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agation  medium and of the geometry of the array to produce theoretical estimates of

our obscrvablcs.  ‘1’hc values of the paralnetcrs of tbesc  nlodcls  and their origins arc

listed in ‘1’able 2. Using these lnodc]s  aloll.g  with cst imates of the relative drifts of the

station clocks, obtained from a weighted-least-squares analysis of tllc  grou]}-delay and

phase-dc]ay rate data with all cxtcnsivcly  improved version of the VI,II13  program

(Ibbcrtson  1975), wc generated theoretical phase-delay rates that fit each of the ob-

served phase-dc]ay rates to within 0.1 ps/s (0.5 ps/s) at 8.4 Gllz (2.3 GIIz), which,

considering the duty cycle (7 rein), sufilccd  for prcd  icting the p]lasc  behavior bctwccn

con sccut  ivc observations of each source at each frcquen cy ban  d at each epoch. We

also corrected for possihlc  remaining “overall ambiguities” (integer  number  of phase

cycles by which the phase delays for one  source might bc ofl’set from those of the

other at each basc]inc  and frcqucllcy  band during the observations at each epoch)

by estimating thcm via the weighted-least-squares analysis. Wc then fixed each over-

all a]nhiguity  to the nearest integer to the weighted-least-squares estimate (for each

cpoch,  baseline, and frequency band, our estimate of the ovcrali  all) biguit,y was closer

to all intc,gcr  llumbcr than one sixth of the anlbiguity  intcrwd).

4 .1  Radio S o u r c e  S t r u c t u r e  C o r r e c t i o n

Wc have used the maps in Figs. 3 a]ld 4 to subtract tllc structure col]tributioll

froln  tl]c  total p]lasc delay in each case. ‘1’o c.alculatc  this stmc.turc  ]Jhasc,  wc tried

to select as a rcfcrcncc  point  the feature on the brightl]css  dis tr ibut ions from t}lc
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successive epochs of data that  we could idc]]tify  lnost reliably and accurately. Wc

detail  below the way this rcfcrcllce point  was sclectcd.

4 .1 .1  Refe rence-po in t  se lec t ion  a t  8.4 GHz

‘lb dctcrminc proper motion, or to place a stri]lgcnt  bound OX I it, wc should select

as the rcfercllcc point in 4C39.25 the same physical feature of tllc  radio source at all

the observing epochs. Were the maxirnutn  of the brightness distribution in compo-

])cnt ~, it would bc a useful rcfcrcncc  poi]lt, since wc would I)c able to monitor or

to bou]ld  directly its motion. lIowevcr, at 8.4 GIIz wc c.allllot  reliably discriminate

bctwcmi  components ~ and ~; therefore, we selected as tile rcfcrmlcc  point the maxi-

]J)uI1]  of tl)c  brightness distribution constructed by convolvi]lg  tllc delta colnponcllts

of tllc Cl,ltAN model wit]) a beam twofold smal]cj  than the sylltllcsizcd  beam. ‘1’bus,

the rcfcrwncc  point location is approximately the brightness ccntroid  of components

~, and ~ (SCC  l“ig. 5 ) . l“or 0920+-390, at each  c])ocI],  wc selected the maximum of

the brightness distribution, consiructcd  by co]lwdving  the delta components of the

CI,l’;AN model with the synthesized beam; this position corresponds to the unre-

solved component which is presumably tllc  core of this radio source. ‘1’hc sensitivity

of our result to these c.l)oiccs  of rcfcrcncc points  is discussed ill %ctioll 4.5.

8



4 . 1 . 2  R e f e r e n c e - p o i n t  s e l e c t i o n  at 2.3 GHz

Wc combined the 8.4 Gllz and 2.3 Gllz data, as if the source posi t ions were

identical at the two frcqucncics,  in order to cstirnatc  and largely remove the plasma

contribution to the phase delay. ‘1’hcrcforc, for each observing CI)OC1],  the phase de-

lays at both frequencies should be rcfcrrcd  to the same point  on the radio source

structure; thus, wc tried to determine which point  in the 2.3 G}lz  radio structure

corrcspollds  to tile rcfclcllcc  point  selcctcd at 8.4 GIIz.

Since componcnl-  ~ of 4C39.25 is self-absorbed at 2.3 Gllz (Marschcr  ct aj. 1991;

IOg. 6),  wc may expect  a shift of the peak of b) ightmcss at 2.3 Gll~, with respec t

to that at 8.4 Gl]z (Marcaidc & Shapiro 1984). ‘1’hcrcfore, illstcad of referring the

pllasc delays to this component, wc used the optically thin  com~)oncnt  g of the j~~

of 4(]39.25 to “rcgisicr” the 8.4 and 2.3 GIIz ma])s. ‘1’l]is  rl)ctllc)cl  of rcgistratio]l  of

maps at different frcqucncics  by registration of an optically  l]]i]] feature has been

used previously for other sources to measure prop(!r  nlotiol)s  (llartcl et al. 1986) and

to obtain spectral information (Chariot 1993). ‘1’hc rc.gistration  for 4C39.25  is shown

ill lrig.  7; in particular, the maps used for this rct,istratioll  WCIC ol)taincd  from a tcn

stat,ioll  8.4/2.3 Gl]z V],]]] cxpcrimcnt  carried out at cpocl] 1990.55 (S C C  ILioja 1993

for details) and of hig])cr  quality than those prcscntcd ill ]~igs. 3 and 4. ]Ioth maps

of h’ig. 7 arc ccntcred on tllcir  rcspcctivc  peak of brightl]css; colllponcnt  g appears

shout, 2 and 2.5 nlas west for LIIC 8.4 and 2.3 Cl]z nlaj)s, rcspcctivcly.  ‘1’hcrcforc,
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wc rcgistcrcd the Inaps  by shifting the 2.3 G1 Iz lnap 0.5 Inas  eastwards relative to

the 8.4 Gllz map. Since component g cannot be distinguished ill the 8.4 Gllz maps

at the other  epochs, wc could not usc the same process at these epochs to obtain

reliable registrations. IIowcvcr,  the morphological similarity of all the 2.3 G]lz maps

indicates that any change in this registration bciwccn 1990.55 alld  tbc car]icr and

later epochs of our observations is unlikely to bc large cmn~)arcd  to 0.5 mas. Given

the relative insensitivity of cmr plasma corrections to the rc{?;istration  of the maps

for the two frequency bands, our usc of tllc 0.5 ~nas eastward displacclncnt  for all

the 2.3 Gllz nlaps  is a safe choice. ‘1’hc scllsitivity  of our astlolnctric  results to this

rcgistratio]l  is discussed in Section 4.5.

Any shift bctwccn the peaks of brightness at 8.4 and 2.3 Gllz for the radio source

0920-t 390 is not dctcctablc  in our maps bccausc  t}]c source is poi]~t]ikc  at the rcsolu-

tiolls  acllicvcd. On the other hand, the change frolll  epoch to cpoclI of lhc shift, if ally,

ill this source is cxpcct,cd  to bc much slnallcr  than that  ill 4C39.25  since 0920+-390

has not S1]OWI)  ally detectable change with tilnc either ill structure or in flux density.

‘1’hc constancy of this source supports that its

al)parcllt  relative motion of the two sources.

structure dots I1OL contribute to any

Wc cstil]latcd  tllc

froln  the IIybrid  lna})s

1978). At cacll  epoch

s t r u c t u r e  p h a s e s  witl) rcsp(:ct  to tl)c selcctcd rcfcre)lcc p o i n t s

b y  using  tllc Caltccll prograln  I’IIAS1’; (Itcadl)cad  & Wilkinso]~

and frequency ba]~d,  tllc corrcspolldillg  structure-]lhasc delays
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wcxw subtracted from tlic total phase delays. ‘1’hcse  adjustments were each less than

5 ps.

4 . 2  P r o p a g a t i o n  Medium Correctioll

lb the phase delay, wc estimated the plasma contribution through its U-2 dcpcn-

dcncc. 1~’or each epoch, wc corrrbincd  the simulta]lcously  measured p}lasc delays at

8.4 and 2.3 GIIz as follows:

]i(Tx -- T;ir ) -- (7, -- T,:’r )
I-jrcc == .—

1<--1
(1)

wl]crc  Tj,ec is the plasrna-free, or “dua]-frequency” delay, TT alld TS arc the observed

delays at 8.4 and 2.3 GIIz, rcspcct,ivc]y;  T.#r and T~tr arc t,})c corrcspol]dillg  structure

dc]ays;  and Ii is the square of the ratio between the center frcqucncics  of the two

bands (8.4/2.3) 2 w 13. Although no apparcn~ incorrect connections of the phase

delay arc visible in our data, any such rnisconncction at either of the frcqucllcy  bands

would affect the estimate of the dual-frequency pl)asc  delay according to the above

expression; for cxalnple,  onc 2n-equivalent connection error at 8.4 G}lz  (2.3 GIIz) is

equivalent to a 128.6 (35.6)  ps error in the dual-frequency delay.

Altcrllativcly,  an indcpcndcllt  cstilnatc of the p]iLSI131L  contribution can bc obtained

froI1) tllc group delays by using l~q. 1. IIowcvcr  the itccuracy  of this cstitnatc  is limited

by tllc standard  deviation of our group delays, N 1 ns ,  and  l)CIICC,  t}lc  corrcsl)ollding
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cliffmmtial  position is too coarse, w 10 mas standard error ill each coordinate, to bc

of usc in achieving our goal to measure the propc]  motion of !). ill 4C39.25.

Wc used meteorological data obtained at each site and the model of Saastamoincn

(1 973) to calculate a priori average values for the tropospheric delay at local zenith

due to tJlc “dry” and “wet” colnponents  of the t ropos~)hcre.  WC used the CfA2.2

Inapping  function (I)avis et al. 1985) to dctcrmillc the tropospheric delay at non-

zcnith  elevations. S i n c e  o u r  10WCS{  antc]ma clc~ration  was 15° and sillcc the two

sources observed arc so CIOSC on the sky, usc of otllcr simpler mapping functions, such

as Cl]ao’s  (1 974), produced no significant diffcrcllccs  in our astrolnetric  results (less

thal)  10 ~~as in the estimates of the rc]ativc  position of tllc sources).

4.3 I)ifferenced  O b s e r v a b l e

We formed diffcrcnccd  phase-delays by subtracting tl]c  phase clclay of each obser-

vation of 0920+390 from tkc previous observation of 4C39.25,  typically 4 min earlier;

this sc}lcmc  avoids the effects of the 10 n)in  gaps in the data duc to the Mklll tape

cl]at]gcs.  An alternative pairing scllclnc,  formilIg  difrcrcnccd  obscrvablcs  by subtract-

ing the phase delay of ca.ch ol~scrvitioll  of 4C39.25  from tllc  ])rcvious  one of 0920+-390,

gave silnilar results when wc discarded those observation pairs whose time difference

is Iargcr than 10 ]nin  duc to tape-c}langc gaps. (liven tllc  small angular separation

bctwccn  tllcsc wo sources (0!75),  im])rcciscly  modcllcd  cflccts,  SUCII as for the tropo-
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sphcm, arc to a g-rcat  extent  canccllcd iI) the diffcl cnccd  obscrwablcs.

4 . 4  W e i g h t e d - l e a s t - s q u a r e s  A n a l y s i s

our weighted-least-squares result for the position of 4C39.25  with respect to that

of 0920+390  for each obscrviug  epoch dc])cnds  primari ly o]l tllc  diffcrcnccd  phasc-

delays. ‘1’hc undiffcrcnccd  phase-delays for 4C39.25  were also included in the analysis

to allow us to estimate the relative lmhavior of the site clocks. ‘1’he standard dc~-

viations  of the difl’crenccd  phase-delays and the 4C39.’25 phase-dc]ays were scaled

scparatc]y  so that, for each type, the weighted-l ncan-square of the postfit  residu-

als was unity. l’aralnctcrs  for tropospheric zcl]itll  delays, site coordinates, 4C39.25

coordinates, l’;arth  pole coordinates, and Url’l-Url’C  were i]lcludcd  in the analysis,

witli  their adjustments constrained by their a priori va]ucs  and corrcspondi]lg  stan-

dard deviations, given in ‘J’able 2, throug]l  the usc of an a priori covariancc ]natrix;

software limitations prcvcntcd  us from also solving  for adjust  ]nc]lts  to the Earth’s

nutation. Wc also cstilnatcd in our analysis, without ally a ]Jriori  constraint (since

wc did not have any previous or useful kllowlcdg(:  about thcIn ), the right ascension

and declination of 0920+390, and, for cacll site cxccpting  Madrid, the cocfficicllts  of

a ]xdy]lolnial  of dcg,rcc three that was used to rc})rcscnt  tllc hc}la,vior  of that site’s

clock  relative to Madrid’s. ‘]’hc position of 4C3{I.25 wit]] rcs])cct  to 0920+390 ob-

taillcd  froln tllc analysis of the data from cacll of tllc  tl]rcc epochs is shown in ‘1’able

3. We refer to tllcsc positio)ls  as ‘(dual-frcquc]lcy’)  positio]ls,  si]lcx: LIIC phase delays



used ill our ana]yscs  arc a linear combination of tllc phase delays at both  frequency

bands according to ltq. 1.

4 . 5  E r r o r  A n a l y s i s

~Olltr;bUtiO1lS tO the s t a n d a r d  CrrOrS Of Aa and Ad (Ao = ~i~sgzs – ~()$lzl)+sgo

and Ad = dd~~g.zs — 6owo+.wo) not included in our weighted-least-squares analysis arc

those associated with rcfcrencc-point  rnisidcntifications  on the 8.4 GIIz maps, ~nis-

rcgistration  of 8.4 and 2.3 Gllz Imaps, and Earth’s nutation.

‘1’0 estimate the standard errors, aPC.~, associated with the mfcrcncc point identi-

fication  on the 8.4 Gllz maps, wc first estimated tllc standard mror in the location of

t}ic briglltl]css  peak of each source duc to the finil c signal- to-noise ratio, a,~,, using

tllc cxprcssio]l  (’1’holnpson, Moran, and Swenson 1986; l~olnaloJlt  1989):

1$,———_———‘s”” = 2n SN1ipea ~ (2)

wllerc  111, is tl]c  width of the main lobe of our sylllhesizcd bcal~],  and SN1{P~~k is the

sig]lal-to  Iloisc ratio of the Inap feature used as a rcfcrmicc  (~~lo(l for 4C39.25 and

~50 for 0920+ 390). ‘1’}lc estilnates  of as,,, (the ro,~t-sl~m-s{]ual(:,  or rss, of the values

for cac]l source) arc shown ill ‘1’able 4 for each coordi]la.tc  aIId  cpocl I.
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Second, for each 8.4 G]lz map, wc calculated t}lc  difference bctwccm the location of

the maximum of the brightness distributiol[  (SCC  Section 4.1.1) and the location of the

ccntloid  of the significant CI~ltAN-cornpol  ients (those with  flux clcnsity  larger  than

2570 of the component with maxinmtn flux density, and located within the n]ain  lobe

of the synthesized beam when the latter is ccntcrcd on the positiorl  of the largest

delta-component) .  l’he differences bctwccn t}le  locations on the map obtained by

these two methods, ~M_6, arc, in genera], ]argcr than uS,,,, duc to either errors in

tl)c  ]naps and/or the complexity of the bl ightcst  feature of the source. ‘1’o take into

account these differences, wc take ~pe~k to be the rss of the corresponding va]ucs  of

OM–~ and o~nr (SCC ‘1’able 4). Note that, si]icc wc scale the 8.4 GIIz data by the factor

It/(It – 1 ) (about 1.08; scc ltq. 1 ) in calculating the plasrna-free delay, the starldarcl

errors of Aa and A6 due to the uncertainty of tllc 8.4 GIIz rcfcrcncc  point irlcrcascs

by a similar factor. Scc Tab]c 5.

for tl]c

also estimated the contribution of the crl ors in tllc  registration of the maps

two frequency bands to the standard error of the dctcrlrlillation  of the separa-

tion between the two sources. In Section 4.1.2 wc dcduccd  that  the 1990.552.3 GIIz

lnap of 4C39.25 should be shifted 0.5 lnas eastwards to register properly with the

correspolldiug  8.4 GIIz map; to estimate the standard error of this registration wc

Ctd CU Iatcd ~PC.k of component g in the 1990.55 nlaps  at hot]] frcqucncics (WC followed

a. si]]lilar  proccdurc  to that prcvious]y  dcscribcd  for the dctcrl~]illatio]]  of the standard

error associated with t]]c rcfcrcllcc poi]lt  identification: for cac]l ]nap  wc took ~PC~k to

15



h the rss of tJIc values for u~,,, and cr~-i). ]rinally,  the rss of the oPca~ values for both

maps yields a standard error in map registration of 300 pas. Note, however, that our

final results do not depend critically on t}lis  cstinlaic  because wc scale the 2.3 Gllz

data by t}lc factor (It --1 )-1 (about  0.08;  scc Ilq. 1 ) in calculating the plasma-free

delay. ‘1’hc 300 pas estimated standard error undergoes a sil~lilar  scaling, so that the

standard error of Aa and Ad duc to the ullccrtail]ty  in the registration of the maps

at the two frequency bands is about 24 pas.

in additio:],  wc estimated the sensitivity of our result to errors in our kllowlcdgc

of the Narth’s  nutation  (SCC Section 4.4). ‘1’0 cstill  late the contribution of such errors

to tl]c  standard error of the estimates of Aa and AJ, wc altered the nutation  in longi-

tude and obliquity, onc at a time, by onc standard dcviatio]l  (v~]ucs given in footnote

to ‘1’ab]c 2), al)d in each case rcpcatcd  the wcighi  cd-least- sclllarcs analysis  to obtain

the shift of t]lc  relative position of the two sources. The rcsu]ting  displacements arc

shown in ‘1’able 5 and regarded as standard errors. Note that this technique fails to

account for t IIc correlations bctwccn the csti mate of each of these parameters with

the other as WCII as with all of the ot,hcr })ararnctcrs;  however, ill view of the small

values of these changes and of tl)c  cxpcctcd  di[t’cr(:nccs  ill %iglla.turcs”  bctwccn all of

tllcsc paran]ctcrs,  this neglect of correlations shollld  have ]ko significant eft’cct  on our

cstinlatc of tllc overall standard errors.

‘1’I~us,  for each C}loch,  wc cst,imatcd  LIIC overall standard errors of the l~ositiol]  of
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4C39.25  wit]] rcsprxt  to the position of 0920+390  as the rss of tllc standard dcviatiolls

of all tl)c  c.ontributiwls  discussed atmvc  (SCC ‘1’able 5).

5. COMPARATION  W I T H  O T H E R  P O S I T I O N  ES’HMATES

(k~lnparisons  of our relative position for 4C39.25  and 0920-{-390 with other VI,]]]

cstilnatcs arc possible. ]]oth  sources arc included i n the NAVN 1’;’1’  (Navy VI.1]1 Net-

work) program carried out by the [JS Naval Ol)scrvatory  ([JSN ()). Wc calculated the

arclcngth  bctwccn  the two sources (this quantity is inval  iallt to rotation and, thcrc-

forc, indcpcnclcnt  of the rcfcrcnce  systcln  where tllc scmrcc coordi]latcs  arc dcfillcd)

froln  our weighted mean relative position (see ‘]’able 3) arid frol[l tllc positions of the

nlost  rcccllt USN 0 solution available (N9504;  M. l~;uballks  ]mivatc  co]nnlunicatioI]).

‘1’IICSC  vducs arc:

arc (4 C39.25,0920+390;  this paper): 46’ 13!’3031 3 :ko!’oooo[i
arc (4 C39.25,0920+390;  USNO): 46’ 13!’3029 +O!’0003

‘1’hc two arclcngths  agree to within the rss of thci]  standard  deviations, even though

soJI~c diflcrcllcc bctwccn  these values might hav( bcci  cx~)cc.ted: the lack of ally

correction for source shucturc  in the US NO a.na 1 ysis ]Jrcvcrlt prccisc comparisolls

lmtwccll  tllc two sets c)f position results. IOwm t l]c colnparisoll  bctwccn t h e  loca-

tion  of tllc Inaximum  and t}lc  ccntroid  of our brig] ltl]css distributiolls  of 4C39.25 and

0920 +390, wc cstilnatcd  that source-structure effects could  shift tllc  relative position

by almut,  300 }Jas (due to t}lc  structure of 4C39.2/1).
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‘1’IIc right  ascensions and declinations of 4C39.Xi  relative to 0920+-390 wjth their

overall standard errors and correlations are reprcscntcd ill l’ig. 8, which shows a net

jllcrcasc wit]) time of the eastward separation of the compone])t  ~ of 4C39.25 from

0920-{-390. ‘1’o quaniify  this result we used the relative coordil]atcs  and their  associ-

ated standard errors jn two separate wciglltcd  least-squares analyses to estimate the

~~rol)cr  motion in each coordinate (SCC Fig.  9):



bution  of the radio sources, than of proper n~oticm  of the cclllm of mass of either

source. Since 0920+390  has not shown sigllificant  changes in strut.turc during the in-

terval spanned by our observations, wc infer that tllc proper lnotion is due to internal

chatlgcs  in the radio structure of 4C39.25. More spccifical]y,  this proper Inotion  is

consistent with a motion of the component ~ along the jet of 4C39.25  from c towards

~. Assuming that 0920+-390  has a negligible propc] motion (see Section 3 for relevant

discussion), wc obtain the corresponding velocity components for the rcfcrcnce  point

in 4(;39.25:

‘r)~ == 1.97 + 0.77 c
V6 === 0.13 *1.38c

for ll.==l OO kms-]Mpc-]  and qO==0.5.

7. C O N C I , U S 1 O N S

Wc l]avc  measured the eastward proper :notioll  of compo~lcl]t  ~. in 4C39.25  with re-

spect  to tl~c unresolved source 0920+-390. This p] opcr motiolI  is compatible with the

results inferred from the hybrid mapping of 4 C39.25  (Marcaidc C{ al. 1989; Marschcr

ct al. 1991; A] bcrdi  et al. 1993a) and together with thcln  it SIIOWS  that colnponcl~t  ~

is lllovil~g  froln west to cast, while the separation of components a and Q remains fixed.

Mcasurcmcnts  of the motion of component ~ (Albcrdi  c1 d. 1 !X13a) bctwccn 1987

and 1989, based on hybrid mapping, yielded 110.EIO pas/yr  with respect to compo-
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IICIItS  ~ and g. Usi]lg Incm rcccnt observations made from 1991 to 1993, Altxrdi  et al.

(1 995) cxnploycd  the same hybrid mapping techniques and olJtailled  a corresponding

l)ro~wr  lnotio]~ of ~ relative to ~ and Q of 604:30 ims/yr.  Note tliat, since no astromet-

ric. analysis was necessary in the latter mcasurcmcrrts,  their standard deviations arc

o]lly duc to the misidcntiilcation  of the colnponcnts  of 4(139.25 on high quality Inaps

and,  conscqucntly,  they arc smaller than tllc  standard deviation of our proper motion

measurement. 1 lowcvcr, none of these map mcasurcmm]ts  dctcrlnincs,  for example,

wllcthcr Q and s arc stationary components and !) a travclling  onc  or vice versa. }]y

rnnparison,  our proper motion  mcasurcnlcnt  provide t}lc  followi]lg  results: con]po-

llent  ~ has a proper motion in right ascension of 90+-35  pas/yr relative to an external

rcfcrcnce,  0920+390.  ‘1’his  value lies bctwccn those previously obtained from hybrid

IIIaI)S, as would bc cxpcctcd  from a monotonic deceleration of the proper motion of

component ~. in addition, the consistency of our lneasurcmcnt  wit}l the hybrid map-

ping results, and the stationarity  of com})onents  Q and c rc]ativc  to each other (to

within 30 pas; Albcrdi  et al. 1995) implies that 3 and g arc stationary with respect

to tllc external rcfcrcmcc,  at least at the level of tile combination] of the uncertainties

of both mcasurcmcnts.

With  this dctcrvnination of the })ropcr Inotion of compoIIcIIt ~) of 4C39.25  wc h a v e

dc]no]lstrated  tllc validity of an cssmltial  aspect of tlIc ~)l]c]lo]]lc]lological”  a]]d numcr-

iml ]nodc]  for 4C39.25  proposed by Marcaidc  C{ al. (1 989),  Mzrrsclicr ci al. (1 9 9 1 ) ,

and  Al bcrdi  et al. (1 993a). ‘1’hc moving character of co]rlpo]lc]lt  ]? is an argument in
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favor of its illtcrprctation  as a shock wave.

Additional phase-refcrcmccd observations maclc during  the period 1989-1993 si-

]nultancously  at 8.4 and 2.3 Gllz are currently being proccsscd.  ‘1’hesc observations

arc Inuch  Inorc  sensitive (due to the large array employed) arid should allow us to

obtain  (i) an improvement of the mcasurcmcnt  of proper motion in 4C39.25, and (ii)

lnorc  useful hounds  on the station arity of components ~ a)ld g . ‘1’hc latter is espe-

cially illtcrcsting  for component @ ,. since componc]lt  ~ is Inovins  towards Q and would

rcac]] the latter’s sky positiol]  bet wccn 1995 and 2001 (A. Altmrdi,  private communi-

cation), these components should not bc distinguishable at cclltimctcr wavelengths.

Wc Irray then check to dctcrminc  whether, for cxalnplc, c.olnpo]lc)lt ~ suffers a signifi-

cant c.llallgc  in its position after the “collision” , as prcdictcd by the standing shock

tllcory  of l)aly  & Marscher (I 988), or whctJler  it remains stationary, as prcdictcd  by

the twisted jet mode] (see Section 1). Complcmclitary  phase--refcrcnccd observations

lnadc in 1991 at 22 G] lZ arc also being a.nalyzcd;  at this radio frequency, components

Q, b, and q arc distinguish ab]c,  and even  ~ is detectable, so still  Inorc  accurate bounds

011 the mot ion of each component should bc obt ail Iablc.

‘1’l~crc  arc other radio sources that scc]n to have collll)ollcllts  travclling bctwcc]l

two al)parcllt]y  stationary ones  and llcncc  could also  bc irltcrcstillg targets of study for

diflcrc)ltial  VIJIII  astrolnctry.  ‘1’hcse  sources illcludc  0711 -+ 356 (Co]] way et al. 1 990),

0735+1  78 (I]%tll c.! al. 1991), 1803-! 784 (Witzcl [1 al. 1{188), and 3C395  (I,ara ei. al.



1994 ). ‘1’l]ough tl]c  morphology and internal kincll  Iatics  of these sources may bc siln -

ilar  to tllosc of 4(239.25, tl]cy  migl]t  bc pIoduccd  by diff’crcllt  l)}lysical  lnccharlislns;

thcrcforc, detailed lnonit,oring  of t}lc lnotion  (or lack of it) of the components in these

sources would help us to understand the nature of the physical proccsscs  involved.
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FIGURE C A P T I O N S

Figure 1. Map of the quasar 4C39.25 at 22 GIIz in 1988 (Albcrdi  et aL 1993a).

l“our co)nponcnts,  labcllcd ~, b, g, and ~, are distinguished. Contours arc -0.5, 0.5,

1, 2, 5, 10, 30, 50, 70, and 90% of the peak of brightnms,  1.58 Jy/beam. l)ashcd

lines correspond to negative contours. ‘1’hc size of the restoring beam, shown at the

bottom ]cft  corner, is 0.50 x 0.24 mas with a major axis position ang]e  of -12”.

Figure 2. uwcoverage  corresponding to the 8.4 Gllz observations s}lown  in ‘1’able

1 for the source 4C39.25. ‘1’hc uwcovcragc  for 0920+390  is very si]nilar because the

two sourcm  arc very CIC)SC together on the sky.

Figure 3. IIybrid lnaps  of 4C39.25  and 0920-i 390 al, 8.4 Cl]z. For the 4C39.25

lnal)s,  contours arc -1, 1, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of tllc peak of brightn-

ess of each ~na,p, which, chronologically ordered, are: 4.76, 6.15 and 6.31 Jy/bcaln.

‘1’hc corresponding total map flux densities arc 7.4:1:0.7, 9.64:0.7,  ar]d 9.8+:0.7  Jy. For

tl)c 0920+390  lnaps,  contours arc -2, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the

~)cak of brightness of cacll  map, which, chronological] y ordered, arc: 0.40, 0.25 and

0.30 Jy/bean]. ‘1’lIc corrcspondillg  total map flux dcnsitim  arc 0.453:0.04,  0.32+0.03,

and 0.30+0.03 J*Y. ‘1’hc uncertainties quoted arc ])cak-to-~)cak  wducs  from a set of
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trial maps made with an overall 10% calibration error (tile latter was estimated by

comparison bctwccn the correlated flux densities of calibrator sources, included in our

okrving  scl]cdu]cs,  corresponding to difI’crcnt baselines). 1 lashed lines corrcspoIld

to negative contours . The restoring beam (SCC ‘1’al)lc  1 for the corresponding sizes) is

S11OWII  at I,IIc bottom left cor]ler  of  each map.

Figure 4. lIybrid  maps of 4C39.25 and 0920-I 390 at 2.3 GIIz. I+’or the 4C39.25

nlaps, contours are -1, 1, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the peak of bright-

ness  of each map, which, chronologically ordered, are: 3.02, 2.60, and 2.44 Jy/bcaIn.

‘1’IIc corresponding total  lnap flux densities arc 3.6:1:0.4,  3.4+0.4, a]ld 3.0+0.3 Jy. l’or

tllc 0920+390  maps, ccmtours  arc -2, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of the

peak of brightness of each map, which, chronologically ordered, arc: 0.21, 0.20, and

0.22 Jy/bcaln. ‘J’he  corrcspolldillg  total  map flux densities arc 0.21 +0.02, 0.24+0.02,

and 0.27~0.02  Jy. Sec caption of l’ig. 3 for mcanillg  of quoted u]lccrtailltics.  Dashed

lillcs correspond to negative contours. ‘J’hc rcstol ing bean) (SCC ‘J’able 1 for the cor-

responding sizes) is shown at the bottoln  left corner  of each n lap.

Figure 5. l“lux-density prolilcs  of 4C39.25  at 8.4 G]lz for a position aliglc  of 90°.

l’or each cpoc]l, wc SIIOW tl]c  profiles constructed by using;  tl)c synthesized bcallls

W1)OSC di]ncnsions  arc S1]OWII ill ‘1’able 1 (tl]ill line)  and, supcrilll]joscd,  the profi]cs

col]structxxl  by usil]g  a  r e s to r ing  bcaln  (thick  lillc) wliosc  dilncl)sions  a r c  t w o f o l d

sltlaller tlian L11OSC of tl]c  synthesized bcaln. ‘J’l)c peak of briglltllcss  corresponds to



tlIc ]naximuln of the over-resolved profiles. ‘1’he componm]t,s  II and  ~ can be distin-

guished in tl)c  first, epoch, but appear partially and totally  blclldcd  il] the sccolld  a~)d

tl]ird  epoch, rcspectivcly,  F’]ux-density units arc al bitrary. SCc Section 4.1.1.

Figure 6. ‘1’otal f l ux  dens i ty  da ta  of 4C39.25  as ]ncasurcd  at t}lc  Ef[clsbcrg

tclcscopc  (100m, ]Ionn,  Gcrlrlany)  in 1992. ‘1’he spectruIn  is dominated by the flux

dcl~sity of colnponcnt  ~. Since the source is self-absorbed at 2.3 Gl]z wc may expect a

shift of the peak of brightness of the maps bctwccn 11.4 and 2.3 Gllz. Scc Scctioll  4.1.2.

Figure 7. Wc used high-quality 8.4 and 2.3 Gllz ma])s of 4C39.25  at epoch

1990.55 (Itioja 1993) to find their proper registration at 8.4 Gllz and 2.3 Gllz. We

obtained this alignment by superimposing the optically thi Ii qjms, coInponcnt  G

in this case. Contours  arc -1, 1, 2, 4, 6, 10, 15, 22, 30, 42, 60, 80, 95% of tllc

peak of brightness of each map, 4.23 and 2.08 Jy/lmam, rcspcctivcly.  ‘1’otal  map flux

dcllsitics  arc 8.1 +0.7 and 4.0+0.4. Scc ca])tioll  of l“ig.  3 for nlcalling  of quoted UII-

ccr.taillt,ics.  1 )ashcd  lines correspond to Ilcp;a,tivc  contours. ‘1’llc sizes of the restoring

bcalns, S}1OWII  at the bottom left corners, arc 1.21 x 0.62 mas wit}) a major axis

l)ositioll  allglc of -18° for tllc 8.4 GIIz map and 2.15 x 0.90 IIIaS witl~  a major axis

positio]l  ang]c of -18° for t}lc  2.3 Gllz map (note that the latter lnap is over-resolved

by a factor two with respect to t]lc dimensions of t]lc  corrcslmnding  main ]obe of t]lc

sylltjllcsizcd  bcarn of the array).
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F’igure  8. l)ropcr  nlotion  of component bin ~C39.25  with  respect tO 0920+390.

‘J’hc positions of ‘1’able 3 and i,lleir standard dcviat ions (rl’able 5) arc represented; for

each  cpocl], the probability that the relative positiou  is inside tile ellipse is 4070.  T1]c

results indicate proper lnotion  in right ascension.

Figure 9. l’roper motion of component ~ in 4 C39.25  with respect to 0920 -F390.

Values of proper motion in 4C39.25  are shown for three epochs. ‘l)hc straight lines

shown rcprcscnt  the results of weighted-least-squal-cs fits to the data for each coordi-

n atc scparatcl y.



‘1’AIII,N 1. (lbscrvations  of 4C39.25  phase-referenced to 0920+ 390]

-..-.-.—— ..— —.— . ..—. — _. — .——————
Epoch Antennas2 Frequencies S ynthcsized

(GHz) b e a m3

_.. —.. ——

28 Apri l  90 (1 990.32)- 1~~ ~~-M~V–--”--  8.4 2.23 X ().58, 7.8°
2.3 8.25 X ?.1~, 7.8°

21 March 91 (1991.22) El 1, I,, M, V 8.3 1.40 x ().62, 3.3°
2.2 5.22 X 2.30,  3.3°

5 March 92 (1992.18) E, 1, M 8.4 1.50 x ().54, 5.7”
2.3 5.54 x 2.00, 5.7°

-.. —... ..— -————— .. —.. —

* We used the MarkII] system in rnodc L] (Rogers et al. 1983) to record at two

frequencies simultaneously: four 4 Mllz  adjacent channels centered from 8404.99 to

8416.99 MIIz (from 8290.99 to 8302.99 MIIz in 1991 .22) a]ld three 4 h411z  adjacent

chan]lcls  centcrcd  from 2274.99 to 2282.99 M1lz (from 2230.99 to 2238.99 MJIz in

1991.22).
z ‘lT])C sYrllbo]s Corrcsr)olld to the following antennas (with diameter and location

given in parcnthcscs):  Ii, Wcstford  (18m, Massachusetts); 1, Noto, (32m, Italy); I,,

Mcdicina  (32m,  Italy); M, 1)SS63  (70111, Spain); V, Wettzcll  (18m, Gcr~nally).
3 Sizes of the axes (milliarcseconds)  and position a]igle (dcp,rccs,  from Ilorth tc) cast)

of the ellipse corresponding to the contour which is at 50% of the maxi] ]]un] of the

synthesized beam.



‘1’AIII,l(~ 2. l’aramctexs  values of the t,hcoretical model

—.
J2000.O source coordinatcsl

—

4[;39.25 (0923+392) a E 9h27”’3?013902 6 = 39 °2’20!’85231

Antenna  site coordinatcsl’2
Antennas Right-handed cartesian  coordinates at 1988.0 (m) Velocities (m/yr) Axis offsets3 (m)

x Y z Vx Vy Vz
1’: 1492206.755 -4458130.499 4296015.503 -.013{1  -.0040 .0055 0.318
1> 4461370.173 919596.665 4449559.103 -.0184 .0189 .0102 1.83
M 4849092.680 -360180.692 4115109.057 -.0072 .0203 .0147 0.0
1 4934563.293 1321201.116 3806484.358 -.0211 .0160 .0152 1.83
v 4075540.048 931735.120 4801629.280 -.0169 .0161 .0092 0.0

Precession Constant (J2000.0)4 Nutation
l’=5028!’989/tropical  century l’redictionsof  IAIJ 1980 Nutation Series + IERSdail  ycorrectionsl

UT1 and Polar Motion Earth Tides
I)aily  values from ll’IRS1 Radial  I,ovcnunllwr, h= 0.60967

IIorizontal  lJoveliumbcr,  1= ().()85
Tidal lagangle,  O= 0!0

I’ro~~agatic]xlll~cdillll~  parmm?tcrs
‘llopospheric  zenith  delay5 (ns)

1990.32 1991.22 1992.18
IJry Wet l)ry Wet Dry Wet

E 7.6 0.3 7.6 0.1 7.7 0.1
1, 7.7 0.2 7.7 0.2 - -
M 7.1 0.3 7.1 0.3 7.1 0.1
l - - 7.7 0.3 7.7 0.1
V 7.2 0.2 7.1 0.2 - -

.—-—.  ——..
1 I)ata  were taken from tbc International Eartb  Rotation %rvicc  (ll{;RS)  1992 Annual ltcpor-t  (see, also, lERS lcchnical  Note

_ . . — .

3 (1989)  for tbc standards used in the annual reports). To be conscrvativc, wc incrcwcd  twofold the standard deviations of
the 1}(;1{S  pararnctc  rcstirnates  that wc used in our analysis. These increased values arc: 4C39.25  coordinates, 0.04 ms in &
and  0.5 mm in $; site positions, 2 cm in each coordinate; nutat  ion corrections to the lAU  1980 theory, 1 IIIM for nutat  ion in
longitude and 0.4 mas  fornutation  in obliquity; UT1-U’1’C,  0.04 ms; each J>ole  coordirlatc,  1 mas.  lhc  daily values for LJ’I’1
and polar motion were intcrpolrited  to the cpocl)s  of observation.
2 q$llesitc  positiorls  att}]ettlrce  epochs  werccalculated  bylinear  cxtrtipolation  (usirlg  tt,ccor]stant  velocities of thecoordirlatcs)
of the  }>ositionsat  1988.0.
3 All the antennas  are  altitude-azimuth.
4  I’ro],,l,  icskc  et al.  ( 1 9 7 7 ) .
5 ‘1’IIc calculationof  ttlc  “ d r y ” and “wet” tropospheric zenith delays  arc dcscribcd  in Section 4.2; their cs.timatcd  sta[ldard
crrom  are 0.07 ns (1~’lcaglc&  Bussingcr  1980; I)avis  ct al. 19S5) and 0.17 rrs (I)avis  et al, 19S5; It6nniing  1989)  for dry and wet
rmllllmt!cnts,  rcsl>cctivcly.



‘J’AI]I,I’; 3. l)ual-frcqucllcy  estimates of the coordinates of t}lc ~J~
sii,ioI1 of com]mncmt  ~ of 4C39.25 relative to 0920-{-390 ill J2000.O
systcm  for the three observing cpochsl

— ———
l’:poch Aa - 3 m 48’ .5609770 2——-— A -6: 12’40’’.9418222

(pas) (,ms)-.
1990.32 _92 -+ 2K 27+84
1991.22 -11+24 20 + 72
1992.18 76+17 -4 + 48_——  ———_. ——-—-.  —

1 ‘1’hc  unccrt.aintics  shown are the standard errors scaled so that the X2 Ijcr
— . —

dcgrcc of freedom of the diflcrcnce  observablcs  is unity. SCC section 4.4.
2 ‘1’lIc  reference relative position is the weighted rncan of tht relative positions

from the t}lrcc epochs.



‘l’AllI,I’;  4. Contributions, JAa and 6Ac$, of the cx rors
in the rcfcrencc-point  location on the 8.4 GIIz ma~)s to
tJIc standard errors of tile estimates of Aa and AJ1

—- -—

——— ..—
u8nr2
u&f_.~ 3

_ . —  .—

1990.32
6Aa 6A6

(pas)  ( p a s )
4 18

38 42

upmk4 38 4i-—.-_— -==
1 All the values arc the r~ot-sum-square  of t

Epoch
1991.22

6Aa 6A6
(pas)  (pas)-—..———

4 10
13 8
lti– 13--—— .——. — — .

1992.18
6ACY 6A6

(pas)  (pas)-—————.——
4 11

26 35
26 37-— --—

e individual values

for each source.
2 Standard error in locating the reference point duc to the finite

signal- tonoisc ratio. Sec text.
3 l)iffcrenccs  in the location of the brightness poi]lt between the

maxi~num of the brightness distribution (see Section 4.1.1) and

t,hc celltroid  of the significant delta-cornponcnts. Sce text.
4 ltcsult of addition in quadrature of the values of the two elltrics

above.



‘I’All  I, I{; 5. Contributions, JA~ and 6A6, to the standard errors of the dual-frequency
cstilnatcs  of the sky coordinates of 4 C39.25  with respect to II1OSC  of 0920+-390 ob-
tainccl  from tllc sensitivity study

.— -.-—-————
l’;ffcct/1  ‘arametcr –

———
Epo(’.h

8.4 Gllz refercncc  point identification ]

8.4/2.3 GIIz map registration
l’;arth’s nutation3
Statistical standard crror4

Root-surn-squa,rc  of t,hc
above contributions-—.

] As given in ‘1’atrle 4 scaled by the factor  N

1990.32
($Aa (JA6
(pas) ( p a s )_—— —

41 50
24 24

1 2
25 84-—— .—— ——— — —

:,3 101
-—————

1991.22
6A~ 6A6
(p.s) (l~as)

15 14
24 24

1 3
24 72-.——

37 77

1992.18
(5AcY 6Ar7

(/LzLs)  (/ELs)

28 40
24 24

1 2
17 48

41 67..~-–—
[R – 1) (about 1.08). Scc Scctiou 4.5. —

2 Contribution clue to the uncertainty in selecting tile same reference point on the radiostructure  for

the ~naps from the two frequency bands. Scc Section 4.5.
3 llascd  on the standard deviations of the pararnctcr  values given irl foc)tl]ote to l’able  2.
4 As given in l’able 3. Scc Section 4.4.
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